Best Available Copy 

NOU-09-2009 16:36 FROM: EXXONMOBIL LAW DEPT 908 730 3649 



TO:USPTO 



P. 3 



U.S. Serial Number: 10/771,919 
Reply to final Office Action mailed June 8 2009 
P2003J016 



CENTRAL PAX ( jf-NTfTft 

NOV 09 ll 

AMENDMENTS TO THE CLAIMS 



2 of 12 



The following listing of the claims replaces all prior listings. 



1. (Previously Presented) A steam reforming and high temperature water 
gas shift process method for producing high pressure hydrogen comprising: 

steam reforming a hydrocarbon feed during the reforming cycle in a 
cyclic, regenerative pressure swing reformer, by 

(a) introducing at least a portion of said hydrocarbon feed along with 
steam and optionally C02 through a first end of a first zone having a first volume 
containing bed packing materials and catalyst under reforming conditions sufficient to 
produce a synthesis gas product, 

(b) passing the product of step (a) to a second zone having a second 
volume containing bed packing materials, transferring sensible heatfrom the product 
to the packing materials, and producing a regeneratively cooled synthesis gas, 



where steps (a) and (b) are done at a space velocity C,GHSV of at 
least 1000 hr" 1 as calculated using a combined volume of the first and second zones, 
and the regenerating reforming and cooling being conducted at high pressure and 
under temperature conditions sufficient to provide a synthesis gas stream at a 
temperature substantially in the range of temperatures used to feed the high 
temperature water-gas shift reaction; 

(c) subjecting the regeneratively cooled synthesis gas to a non-cyclic 
high temperature water-gas shift reaction to provide a multi component product gas 
stream enriched in hydrogen; 
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(d) separating high pressure hydrogen from the niulti 
product gas stream; and 
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component 



(e) combusting a fuel in the regeneration cycle of the pressure swing 
reformer at a pressure lower than that used in the reforming cycle thereby providing 
temperature conditions sufficient for the reforming cycle and generating a 
regeneratively cooled flue gas exiting the reformer, the combustion occurring in a 



region proximate to an interface of the first zone and the second, wherein at least a 



portion of the combustion occurs in the fir st zone or the second zong. 



2. (Original) The method of claim 1 wherein reforming pressure is in the 
range of 10 to 100 bar. 

3. (Previously Presented) The method of claim 2 wherein sufficient fuel and 
oxygen are combusted in the regeneration cycle to generate a regeneratively cooled 
flue gas exiting the reformer at a temperature in the range of about 300 Q C to about 
600°C. 

4. (Original) The method of claim 3 wherein high pressure hydrogen is 
separated from the multi component gas stream by subjecting the niulti component gas 
stream to a pressure swing adsorption process whereby components other than 
hydrogen are substantially adsorbed thereby providing high pressure hydrogen. 

5. (Previously Presented) The method of claim 3 wherein! reforming 
temperature conditions provide a regeneratively cooled synthesis gas in the 
temperature range of about 220°C to about 400°C at the outlet of the second zone. 



6. (Previously Presented) The method of claim 3 wherein 
cooled flue gas is at a temperature of about 400°C to about 500°C 
generate steam for the steam reforming cycle. 



and 
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7. (Original) The method of claim 6 including recovering absorbed 
components from the pressure swing reformer and introducing at least a portion as 
fuel into the pressure swing reformer during the regeneration cycle. 



8. (Original) The method of claim 7 including recycling a 
gas to the pressure swing reformer during the regeneration cycle. 
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portion of the flue 



9. (Original) The method of claim 1 wherein the oxygen in the regeneration 
cycle is provided as compressed air from a gas turbine. 

10. (Currently Amended) A method for producing high pressure hydrogen 
comprising: 

(a) passing a feed stream under high pressure conditions and comprising 
a hydrocarbon and stream through a first zone containing packing materials and a 
steam reforming catalyst at an elevated temperature to produce a high pressure 
synthesis gas stream; 



stream 



(b) passing at least a portion of the synthesis gas 
through the first end of a second zone containing bed packing 
temperature lower than the first zone thereby transferring sensible 
product to the packing material in the second zone and providing a 
synthesis gas at a temperature approaching that of the packing 
end; 



i of step (a) 
materials at a 
heat from the 
ligh pressure 
material at the second 



said steps (a) and (b) being conducted at a space veloci ty CiGHSV of at 
least 1000 hr l , and a heat transfer parameter ATrt between about 0, l°C and 500 Q C, 
and at conditions sufficient to provide a regeneratively cooled syntaesis gas at said 
second end of said second zone in the range of about 220°C to aboiit 400°C; 
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(c) removing substantially all of the high pressure „ jr7 
second zone and introducing said gas into a high temperature water 
zone to provide a gas stream enriched in hydrogen; 
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synthesis gas from the 
>as shift reaction 



(d) passing the hydrogen enriched gas stream through a hydrogen 
separation zone to separate high pressure hydrogen; 

(e) removing high pressure hydrogen from the separation zone; 

(f) introducing a mixture of a fuel and an oxygen containing gas* at a 
pressure lower than in step (a) into the second end of the second zone for combustion 
and passage through said second and first zone thereby heating the first zone to 
reforming temperatures and creating a regeneratively cooled flue gas which exits 
through the first end of the first zone. 

1 1 . (Original) The method of claim 1 0 wherein the hydrogen separation zone 
is a pressure swing adsorption zone whereby substantially all of thej components of the 
product gas stream other than hydrogen are adsorbed. 

1 2. (Original) The method of claim 1 1 wherein the high pressure conditions 
are in the range of about 10 to about 1 00 bar. 

13. (Original) The method of claim 12 including purging the pressure swing 
adsorption zone to provide a purge gas stream and introducing at least a portion of the 
purge gas stream as the fuel in step (e). 

14. (Previously Presented) The method of claim 1 3 wherein the regeneration 
is conducted under conditions sufficient to provide a flue gas having time-average 
temperature range of about 400°C to about 500°C and the regeneratively cooled flue 
gas is passed through a heat exchanger to generate steam for reforming step (a). 
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15. (Original) The method of claim 14 wherein at least pan of the flue gas 
passed through the heat exchanger is recycled to the second end of the second zone 
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during regeneration. 

16. (Original) The process of claim 10 wherein the oxygen 
step (f) is provided as compressed air from a gas turbine. 



17. (Original) The method of claim 10 wherein the packing material of said 



first and second zones are composed of materials selected from the 
of magnesium aluminum silicates, aluminum silicate clays, millite, 
alumina, zirconia and mixtures thereof. 



containing gas of 



Troup consisting 
alumina, silica- 



18. (New) The method of claim 10, wherein the fuel and thfc oxygen- 
containing gas are mixed at the second end of the second zone. 
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